Effects of nicotine on the immune response. I. Chronic exposure to nicotine impairs antigen receptor-mediated signal transduction in lymphocytes.
Previous work has demonstrated that chronic exposure of rats to cigarette smoke causes inhibition of the antibody-forming cell (AFC) response and that the particulate phase of cigarette smoke, containing most of the nicotine in cigarette smoke, is essential for immunosuppression. Using intradermally implanted miniosmotic pumps, LEW rats were exposed to nicotine or its principal metabolite, cotinine, at the rate of about 14 micrograms/hr for 3-4 weeks. Serum cotinine levels in nicotine-treated (NT) animals of 219 +/- 40 ng/ml (on Day 10) were comparable to average human smokers. No significant differences between control (CON) and NT animals were observed in the distribution of lymphocyte subsets. However, nicotine, but not cotinine, treatment for 3 to 4 weeks inhibited both the T-dependent and T-independent AFC responses and proliferation to anti-CD3. Con A response was observed in 4-week but not in 3-week NT animals. Cell cycle analysis revealed that upon stimulation with Con A or anti-CD3, in spite of comparable surface expression of IL-2 receptors and class II MHC molecules, significantly fewer NT T cells entered the S and G2/M phases than CON T cells, indicating an arrest in the G0/G1 phase. Furthermore, B and T cells from NT animals were unable to elevate the intracellular calcium levels normally in response to ligation of antigen receptors, although Ca2+ responses of salivary gland cells to acetylcholine were normal. Thus, nicotine may significantly contribute to the immunosuppressive effects of chronic smoking by inducing a state of anergy in lymphocytes and may be related to their impaired response to antigen-induced signaling.